The goal of the study was to develop and apply a predictive model approach to reduce the number of items collected for scales that yield a total summary score. A parsimonious subset of items from the 21-item Quality of Life Scale (QLS) that can accurately predict the total scale score was sought and evaluated in 198 patients with schizophrenia, using a statistical modeling approach. Two additional data sets were used for model validation: the subset of 101 patients used in the model construction who had the QLS administered approximately 1 year later and a new sample of 37 patients. Using only seven QLS items as predictors, the correlation was 0.9831 between the predicted and true QLS totals. Applying the model based for these seven QLS items, the correlations from the first and second validation data sets were 0.9791 and 0.9637, respectively. The study demonstrates that a small subset of items of the QLS predicts the entire 21-item scale with high accuracy. Two validation samples have confirmed the finding. This reduces the effort associated with scale administration and is likely to increase the assessment of an important functional domain. Such models can guide efforts for item reduction in other rating instruments.
INTRODUCTION
Standardized assessment of symptoms and functioning requires a lengthy battery of clinical scales. A systematic approach is needed to reduce the number of items collected for each assessment scale.
Traditional methods for scale development include item analysis, which aims at weeding out items that are insufficiently correlated with the scale total. However, a more rigorous procedure is needed when the goal is to identify a subset of items that accurately predict the totals for established clinical scales. We present a new approach to reduce the number of items collected for existing scales that yield a total summary score. The method seeks a parsimonious subset of scale items that, when assessed in place of the full set of scale items, can predict the scale total with good accuracy. The approach is a variant of the all subsets regression approach (Hocking and Leslie, 1967; Draper and Smith, 1998) , where the criteria used to rank the models is the correlation between the actual scale total and the model predicted scale total, rather than the model R 2 . Model validation, using a secondary source of data, is critical in this approach.
We examined the Quality of Life Scale (QLS; Henrichs et al, 1984) , a 21-item scale commonly used as a measure of functioning in schizophrenia, to illustrate the use of this new approach to scale reduction. The QLS balances subjective questions regarding life satisfaction and objective indicators of social and occupational role functioning. When administered by a trained clinician as a semistructured interview, the scale provides information on symptoms and functioning during the 4 weeks prior to assessment. Behavioral anchors are presented for each item, scored on a 0 (severe impairment) to 6 (high functioning) scale. The QLS assesses four interdependent theoretical constructs: intrapsychic foundations (items 13-17, 20, 21) , consisting of measures related to sense of purpose and motivation; interpersonal relations (items 1-8) , examining social experience; instrumental role (items 9-12) , related to work functioning; and common objects and activities (items 18-19), which measure engagement in the community by possession of common objects and participation in a range of activities (Henrichs et al, 1984) . These theoretical distinctions were supported by principal components factor analysis conducted on data collected from 111 patients with schizophrenia.
The utility of the QLS in assessing change in deficit status has been highlighted in treatment studies (eg Meltzer et al, 1990; Rosenheck et al, 1997; Hamilton et al, 1998) . The importance of the QLS in assessing outcome in schizophrenia research has also been highlighted by the observed relation between neurocognitive impairment and psychosocial status (Green, 1996; Buchanan et al, 1994; Medalia et al, 1998; Wykes et al, 1999) .
The QLS requires 30-45 min of administration time by a trained clinician. In addition, since there is overlap between several items on the QLS and other scales, participants' engagement and cooperation with the interview can wane. Several studies have suggested that a subset of individual items on the QLS are highly related, and may provide an index of performance on the scale as a whole. For example, in their original formulation and description of the QLS, Henrichs et al (1984) showed that 52% of the variance in their study was explained by an Interpersonal Relations factor consisting of items 1-8 of the scale, while only 22% of the variance was explained by the other three factors combined. More recently, in a study of sex differences in clinical expression of schizophrenia (Shtasel et al, 1992) , we showed that a factor analysis of QLS ratings for 107 patients with schizophrenia revealed three factors: (1) social functioning (items 2-8, 16), (2) engagement (items 1, 13-15, 18-21), and (3) vocational functioning (items 9-11, 12, 17) . Others have noted that the four subscales of the QLS are highly related, and provide little additional information beyond the total score. Meltzer et al (1990) reported that both before and after clozapine treatment, all QLS scores from their patient sample were highly intercorrelated and correlated very highly with the total QLS score. Recent investigations of the relation between symptom exacerbation and stabilization and Quality of Life (QOL) have reported QLS total scores, rather than subscale scores, in the light of each subscale's very close relation with the total score (Bow- Thomas et al, 1999) . The goal of the present study was to identify the smallest subset of items from the original QLS scale that can predict the total QLS score.
METHOD Participants
Patients with schizophrenia were consecutive recruits for brain-behavior studies at the University of Pennsylvania Schizophrenia Center. After informed consent was obtained, participants underwent standard comprehensive screening , including medical history, physical examination, laboratory tests, and assessment procedures (Shtasel et al, 1992; Gur et al, 1991) . These included the patient edition of the SCID (SCID-P; Spitzer et al, 1996) , and scales for measuring symptomatology and functioning administered by investigators trained to a criterion reliability of 0.90, intraclass correlation (Shtasel et al, 1992) . Entry criteria included (a) a diagnosis of schizophrenia or schizophreniform disorder by DSM-IV criteria, (b) no concomitant axis I or II disorder, including past or present substance abuse or dependence, and (c) no medical or neurological disorder that may affect brain function. There were 198 patients satisfying these criteria who had the 21-item QLS administered at study entry based on reliable information obtained from patients, family, and care providers. Two validation data sets were used: (1) the subset of 101 patients who had the QLS administered approximately 1 year after study entry, and (2) 37 patients recruited subsequently and satisfying the entry criteria. Demographic and clinical information for the three groups of patients is provided in Table 1 .
Data Analysis
The goal was to determine a parsimonious subset of the 21 items in the QLS that can be used to predict the total of the 21 items with 'optimal' prediction properties. To determine an optimal combination of items, all combinations of QLS items were considered for all subsets containing 1-10 items (a total of 1 048 575 models). The maximum of 10 items considered represent a reduction to less than one half of the 21 scale items collected for the full-scale administration. The approach is similar to all subsets regression, except that the model performance statistic assessed for each combination of items was the Pearson correlation coefficient, r, between the total QLS and the predicted total QLS, rather than the model R 2 . Two data sets were used for model validation. The first was a subset of 101 of the 198 patients used for the model construction, who had the QLS administered approximately 1 year after study entry. The second was comprised of 37 participants recruited during the period when this analysis was underway. For each subject in each validation data set, the best model for each number of predictors (1-10 QLS items) was used to predict the total QLS. For each validation data set, the correlation was assessed for each model.
RESULTS
The largest correlation between the total QLS and the predicted total QLS for models having 1-10 items as predictors are presented in Table 2 (under 'model construction sample'), while the associated model coefficients are presented in Table 3 . With a single item, the largest correlation achieved for predicting the total QLS is 0.8689, which is for item 14. The correlation is 0.8234 using only item 17, 0.7643 using only item 10, and remains at or above 0.7500 for items 7, 6, and 11. Using two predictors, the highest correlation achieved was 0.9224, which is for a model with items 7 and 14. From Table 3 , the best prediction model for two QLS predictors is predicted total QLS ¼ 11.278+6.285*QLS7+9.627*QLS14. It is important to point out that there are seven other combinations of QLS items that yield correlations above 0.9100. These are models containing items 6 and 14 (r ¼ 0. Several approaches were applied to determine the 'optimal' number of items considering the tradeoff between parsimony and correlation. An informal approach was to examine the relative gains in correlations for increasing numbers of predictors. The gain in correlation from adding predictors decreases for a greater number of predictors, as illustrated in Figure 1 . There is a 0.58% gain in correlation for the top models increasing from 5 to 6 item predictors, 0.52% increasing from 6 to 7 predictors, 0.38% moving from 7 to 8, 0.27% moving from 8 to 9, and 0.13% moving from 9 to 10 predictors. Multiple formal testing approaches were also applied. These included bootstrapping and permutation methods for testing the statistical significance of the increases in correlation of adding each predictor as well as a paired t-test to test the decrease in absolute error associated with each additional predictor. Each of these formal statistical testing approaches found statistical significance even in the miniscule increase in correlation of 0.0013 in moving from 9 to 10 predictors. Thus, the more formal approaches proved not to be helpful because of their sensitivity beyond what is clinically significant. However, applying an a priori rule to add predictors until the gain in correlation fell below 0.5%, the 'optimal' model includes seven predictors. A plot of the actual total QLS vs the predicted total QLS for these data for seven predictors is shown in Figure 2 .
The items included in this top model with seven predictors are 3, 6, 9, 14, 16, 18, and 20. From Table 3 , the 'optimal' prediction model for seven predictors is There are three other seven-item models that also exceed a correlation of 0.9820. All three models contain items 6, 9, 14, 20, and at least two of items 16, 17, or 18. The second ranked model includes items 3, 6, 9, 14, 17, 18, and 20, which replaces item 16 with 17 from the top ranked model, and has a correlation of 0.9829. It is important to validate the predictive ability of the models with different data. The highest correlation achieved for seven predictors is 0.9831. Two data sets were used to validate the top models for each number of predictors: the subset of patients used in the model construction who had the QLS administered approximately 1 year after study entry, and a new sample of 37 patients not included in the model construction data set. The top models for each number of QLS predictors, as presented in Table 3 , were applied to the subject's data in the validation data sets. The correlations for each of these validated top models are presented in Table 2 . The correlations for the validation data sets are minimally lower than those from the data used to construct the models. The original correlation from the seven-predictor model was 0.9831, while the correlations from the follow-up and new sample validation data sets are 0.9791 and 0.9637, respectively. The relatively small drop in correlation for the two validation data sets holds for all numbers of predictors considered, 1-10. In the new sample validation data set, there is a +1.00% change in correlation moving from 5 to 6 items, +0.10% from 6 to 7, +0.34% from 7 to 8, +1.02% from 8 to 9, and À0.02% moving from 9 to 10 predictors. In the follow-up validation data set, the changes were +0.48% moving from 5 to 6 predictors, +0.94% from 6 to 7, À0.05% from 7 to 8, +0.46% moving from 8 to 9, and +0.13% moving from 9 to 10 predictors.
For all numbers of items considered, the ordering of the models for all possible combinations of items, as well as the formal and informal decision rule outcomes on the number of 'optimal' predictors, was exactly the same if ordered by the intraclass correlation coefficient (Shrout and Fleiss, 1979) or the mean squared error (MSE) for the models, rather than the correlation. These results are all consistent with and validate the choice of seven predictors.
To examine the effects of ethnicity we divided the sample into Caucasians and non-Caucasians, and obtained the correlations for each race group using the top model for each number of predictors in Table 3 , which were based on the whole original sample. The correlations differed negligibly.
DISCUSSION
The study has demonstrated that seven items of the QLS can provide an excellent prediction of the entire 21-item QLS. Two validation samples have confirmed the finding. Thus, an abbreviated scale can substitute the full scale with superior accuracy. This reduces considerably the effort associated with the assessment and is likely to result in enhancing the utility of the scale. The abbreviated QLS includes items representing all four interdependent theoretical constructs of the original 21-item QLS. For intrapsychic foundations, three of the seven items are retained including motivation, anhedonia, and capacity for empathy (items 14, 16, 20) . For interpersonal relations, two of eight items are retained, including active acquaintances and social initiative (3, 6). For instrumental role, only one item, occupational role functioning (9), of four is retained. For common objects and activities, one of the two items is retained, possession of objects reflecting participation in living (18). These observable signs provide benchmarks of the degree and extent of the deficit state. They develop over time and enable early detection and therapeutic intervention. Items that do not provide significant additional predictive ability beyond these seven items include intimate relations, social activity, level of accomplishment, degree of underemployment, satisfaction with occupation, sense of purpose, curiosity, time utilization, commonplace activities, and capacity for engagement with the interviewer. Thus, it seems that drive and initiative are more predictive of overall QOL, as measured by the total QLS, than actual accomplishments and satisfaction.
Lack of drive and initiative are part of the deficit state. Deficit psychopathology has been proposed as a separate disease within the schizophrenia syndrome ) and is associated with poorer QOL, even when considering the severity of negative symptoms at baseline (Tek et al, 2001 ). Our results suggest that focusing on the assessment of initiative would be a productive target for clinical intervention including rehabilitation efforts.
The purpose of our study was to shorten the QLS, while retaining the predictive power for the total score. The abbreviated scale still incorporates items from all four subscales, which in the original and abbreviated form are not balanced with respect to number of items. Recent publications that have evaluated QOL in schizophrenia, have utilized total QOL scores as outcome measures (Tek et al, 2001; Cramer et al, 2001 Cramer et al, , 2000 .
There are several limitations to the present study. Most importantly, the initial evaluation is based on the month preceding intake into the Schizophrenia Center. Since the emphasis of this study was the statistical treatment of the scale, we have not examined the relation between symptoms and QOL. Also, we have not evaluated the extent to which QOL relates to neurocognitive deficits or to measures of brain anatomy and function. Furthermore, results may differ when the seven items are administered in isolation and may not provide as much information as the longer scale. However, the brevity of the scale makes it attractive to clinicians who wish to monitor their patients' progress in this crucial domain of care. The importance of improving the QOL of individuals with schizophrenia has gained appreciation among consumers, family members, and health professionals.
